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Introduct ion
Te trapyrrolic macrocyclic compounds have been
subj ected to investigation chemically and biologically for
over a century , but the work concerning their biosynthesis has
only bee n done in the past thirty years . These macrocycles
can be classified into two main series (l) : (i) the porphins
and dihydroporphins; (ii) the corrales and their octahydro-
derivatives , i.e . cor-r-Lns . The typical exerspIe s for the di -
hydrcporphins and corrina are the chlorophylls and vi t emi n
812 coenzyme respectively . The basic skeleton of these pyrrole
pigments is formed from four pyrrole nuclei . joined together
by four methene bridge carbon atoms j but i n the corrole a nd
corrina series, one of the methene bridge c arbon atoms is
missing and instead , two pyrrole units are joined directly in
their ol - po s i t i o n . The basic ring system for each are porphin
(1) and chlorin (II); corrole (III) and corrin (IV) as shown .
It has been found that the porphins can occur either
in the free state or as metal comp lexes . When each of the four
pyrrole rings of a po rphin bears two different substituents A
and B in the ~ - po s i t i o n , t he n four isomers of the porphyr in
(V) exist . This i s also true for the porphyrinogen where the
pyrrole units are joined by the methane bridge linkages instead
of the methene bridge as in the porphins . The only porphyrins
known to exist naturally in t he free state are protoporphyrin IX
(VI) and the I and III type isomers of uroporphyrins and copr-o-
porphyrins ( Va , Vb) (2 ) .
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pathway of porphyrin
biosynthesis was demonstrated by Shemin and Rittenberg (3 , 4).
Nothing was known about the chemical precursors of haem in
the body unti l 1946 . They found that after feeding the lSN_
glycine to humans . the haem of haemoglobin was enriched with
15 N. Later experiments with 14 C labelling showed that the
methylene but not the carboxy carbon atom of glycine is
incorporated into haem (5 . 6, 7). Degradation also showed that
all four methene bridge carbon atoms were derived from the
glycine (8. 9). Later it was found that b - ami no l a e v u l i c acid .
in vitro , was a more reactive precursor for haem , porphobilinogen
and porphyrins than glycine (10 . 11 - 13 ) . It has been proposed
that ~ - a mi no l a e vu li c acid was formed from the glycine and
succinyl -CoA wi th ~ - a mi n o l a e vu l i c acid synthetase; pyridoxal
phosphate is the only co -factor required ( 14 - 17 ).
The enzymic condensation of two molecules of S -
aminolaevulic acid to porphobilinogen is thought to involve ,
firstly, an aldol type condensation and secondly , a Schiff
base l inkage, which are catalysed by the enzyme 4 - a mi n o l a e v u li c
acid dehydrase ( 10 - 1 2, 18 ).
The polymerizat ion of porphobilinogen to ur-o -
porphyrinogen both in vitro and in vivo has been the most
interesting subject in the biosynthesis of porphyrins. It
known for some time that both I and III type isomers occur in
nature with most of them being the type III ; the type II and
IV isomers apparently do not occur naturally (19) . It has been
shown that two enzymes are responsible for t he formation of
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uroporphyrinogen. In the presence of the first enzyme, uro-
porphyrinogen L cay rrt he-t e s e , porphob ilinogen is converted
into uroporphyrinogen I . Howevez- vwben the second enzyme, ur-o -
porphyrinogen III -cosynthetase was incubated together with
ur-opor-phyr-Lnogen I -synthetase and porphobilinogen 1 it brought
about the production of uroporphyrinogen III instead of the I
i s ome r. Uroporphyrinogen I is not a substrate for the cosynthetase
03 , 21 , 22) . Several mechanisms for the biosynthesis of
uroporphyrinogen from porphobilinogen have been suggested (23 -
31) . Bullock (32) has suggested that uroporphyrinogen I -synthetase
is a reversible deaminase enzyme which holds an equilibrium
between porphobilinogen and a uroporphyrinogen mixture (plus
ammonia in some form ) containing mostly uroporphyrinogen I;
the cosynthe tase is a surface whic h picks uroporphyrinogen III
by its peculiar stereochemistry , thus forcing the equil ibrium
to give entirely the I I I isomer . This is an agreement with
Bogor-ad' e work (20 , 21 , 33), where kinetic studies suggested
that the act ion of the synthetase on porphobilinogen is the
rate determining process and the cosynthetase step, which also
involves porphobilinogen as a substrate , is much faster .
Much of the earlier work concerning t he chemical
polymeri zation of monopyrroles to porphyrins involved the
formatio n of uroporphyrin from porphob ilinogen, which can a lso
be isolated from the patients with acute porphyria. Later , the
readi ly accessible synthetic pyrroles were used . In recent
years , v a r i o us methods were used and results reported, with
the hope of elucidating the pathway by which Nature converts
- 6 -
porphobilinogen to uroporphyrin III almost exclusively.
The synthesis of porphyrin directly from the self-
condensation of a pyrrole was first done by Fischer and Treibs
(34) in 1926. They found that aetioporphyrin was formed when
opsopyrrole was treated with formic acid. In 1935, Rothemund
(35) found that when pyrrole was treated with aldehydes in
the presence of pyridine under pressure and elevated temperature .
it gave rise to small yields of meso-substi tued porphyrins .
As early as 1939 . Waldenstrom and Vahlquist (36) claimed that
uroporphyrin III was obtained by warming weakly acid solutions
containing porphobilinogen . This was later confirmed by Westall
(37). However, Cookson and Rimington (38) found that other
isomers were also formed in small quanti ties in this reaction.
In 1943 , Siedel and Winkler (39) reported that
when 4-ethyl- 5- hydroxymethy 1- 3- rne t hy l-p y r r o Le - 2- c a r bo xy l i c
acid ( later shown to be 5-acetoxymethyl compound (24) ) was
heated with dilute hydrochloric acid , the reaction gave a
mixture of aetioporphyrins I and II.
Having established the structure of porphobilinogen
(VII) in 1953 , Cookson and Rimington (38) performed the
polymerizat ion of porphobilinogen in vitro, at 1 00·C in O. 5N
hydrochloric acid a nd at 20 ·C under different pH condit ions .
They found that at 100 ·C (in acid) only a single product .
uroporphyrin III was formed rapidly and in high yield with
no trace of other isomers ; bu t at 20 ·C the polymerization took
place over several days and was dependent on pH; at pH 6 .5 ,
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into pOrJ:)hyrin in cell-extracts, radioactive formaldehyde
could be isolated as the dimedon derivative . This indicated
the indit::'ect participation of formaldehyde in porphyrin
for-me t Ior-, in either process . In later work Lockwood (46)
found thi':llt with unlabelled porphobilinogen and addition of
l4C-formaldehyde to the medium, the uroporphyrin III isolated
after heating in acid solution was highly radioactive, while
that fortr:led enzymically was completely devoid of activity.
Thus , formaldehyde was neither a product nor a reactant in
the enzYtrlic synthesis .
Bogorad .tl .2.l (30 , 56) reported the i s o l a t i o n
and identification of intermediates ( a dipyrrylmethane and
an uncycl.ized linear tetrapyrrylmethane with an aminomethyl
group on an ci.. - pos i t i o n from the reaction mixtures of the
enzyme uroporphyrinogen I synthetase and porphobilinogen
incubated with ammonium ions. The tetrapyrrylmethane was not
converted to uroporphyrinogen III in an enzymatic system
capable of forming this isomer from porphobilinogen . Recent
work by Battersby tl.2.l. (53 , 55 ) using double labelled l3C_
porphobi linogen and some related dipyrrylmethanes provides
certain l i mi t a t i o ns on the possibilities for the type III
porphyrin formation during porphyrin biosynthesis . They found
that only the porphobilinogen unit forming ring D and no
other porphobilinogen unit undergoes intramolecular rearrangement.
Their results also indicate that tetrapyrrane formation is
( 2 + 2 ) reaction and not a ( 1 + 1 + 1 + 1 ) process as






Table 5 . Coproporphyrin tetramethyl ester formed by condensing
2- N, N- di me thylaminomethy1- If- carbomethoxye thy1 - 3- me thylpyrrole
methiodide salt (Xllb) in various solvents .
Expt. Conditions Coproporphyrin % isomer
( % yield ) ,I and II III and IV
1. Refluxed in anhydrous dioxane for 18
hr. , followed by aerial oxidation for 41 3.4 96 .6
3 hours. ~f-'
2. Refluxed in anhydrous THF for 18 hr. ,
followed by aerial oxidation for 3 hr . 38 4 .5 95 .5
3 . Heated in anhydrous DMSO at 90' C for
18 hr. , followed by aerial oxidation 40 5 .1 91+ .9
for 3 hours .
4. Refluxed in methanol for 1+ hours, 71 5.8 94 .2
followed by aerial oxidation for 3 hr .
5 . Refluxed in glacial acetic acid for 1+ hr , , 59 4.4 95 .6
followed by aerial oxidation for 3 hr.
6 . Stirred with Amberlite IR -120 resin (acid
form) in distilled water at 23 9 .0 91. 0
temperature for 24 hours .
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